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Serbia &Montenegro, Belgrade, November 22-24, 2005

Home Networking Middleware Infrastructure for Improved
Audio/Video Appliance Functionality and Interoperability

Peter Corcoran, member IEEE, Alex Cucos and Frank Callaly

Abstract A software architecture is described which
significantly improves the accessability of multiple home
appliances on a heterogeneous home network. Methods
for aggregating devices into virtual clusters on a local
middleware server are described. These metadevices
combine the functionalities of multiple devices but are
presented to the user as a single device with a single user
interface. Some practical examples of working A/V
metadevices are given.'

Index Terms Multimedia, Video & Audio Streaming,
Home Networks, and Network Infrastructure.

[11 INTRODUCTION

Recent advances in physical layer technologies have led
to powerline and wireless technologies which can link home
appliances at wired Ethernet speeds. Further, an increasing
number of consumer electronic (CE) appliances now
support Ethernet connectivity. It has also been noted [1] that
the driving force behind home networking is no longer the
brown-goods sector, but rather the proliferation of multi-PC
households. As people install networking to interlink their
home computers and laptops a new market opportunity is
presented to the consumer electronics sector. New home
audio/video appliances based on PC technology have begun
to emerge: digital music has driven the market for MP3
appliances and the digital recording ofTV has created a new
home A/V product category - the personal video recorder
(PVR). In the next 1-2 years we can see the proliferation of
many other digital CE appliances.

In parallel 802.11 wireless LAN (WLAN) technology is
emerging as a means of retrofit home A/V networking. The
cost of 802.1lg access points has fallen below 100 Euro
which is beginning to drive the market for networked CE
products as consumers begin to perceive the benefits and
simplicity of these new wireless networking technologies.
Taking a longer term view it is clear that a new generation

of digital CE appliances will start to become integrated with
the home PC network - the marginal costs of adding
network connectivity are low enough and the potential
added-value for an appliance with PC connectivity is
enormous. Furthermore, many manufacturers are already
moving away from the business model of simply selling
end-users a product; they now seek to provide a service
which keeps then in direct contact with the consumer
throughout the life-cycle of their product. This opens up
additional opportunities to present add-on products and
services to consumers. Thus, there are compelling reasons
for manufacturers to build network connectivity into their
products.
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However a consumer oriented network has to be more
"intelligent" than a computer network. Most homes will not
have a local system administrator so appliances need to be
able to automatically connect and disconnect to a home
network. There are several industry-driven technologies
available which are designed to meet the needs of home
networks. In particular we note the four major home
networking technologies - Universal Plug & Play (UPnP)
[2], Open Services Gateway Initiative (OSGi)[3], Home
Audio/Video Initiative (HAVi) [4] and the Java technology,
JINI [5]. However all of these technologies share a common
flaw - they are designed from the "bottom-up" to
accommodate the interoperability of devices with other
devices. Ultimately, however, all home network devices and
services must interoperate with a single master device - the
consumer.

Fig I shows a home networking environment including
next-generation wireless CE appliances, a Home gateway
appliance, more conventional wired CE appliances which
can include personal computers, and a legacy wired island
which contains legacy point-to-point CE applicances such
as DVD players, Home Theatre units, TV sets, etc. Such a
wired island can be network enabled using a specialized
network appliance such as a media adapter [6]. This home
network is typically connected via the gateway appliance to
an external wide area network (WAN), effectively forming
the broadband connection to the home.
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Fig 1: The emerging Home ANV Network
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We remark that it is quite practical to construct such a
network with today's technology and we have built just such
a wireless ANV network in our laboratory. Desktop PCs
offer a convenient and inexpensive platform for prototyping
and are organized into clusters of 4. Each PC is WiFi
enabled and can be configured to behave as a variety of
different A/V appliances using a variety of networking
protocols. The creation of a variety of networked A/V
appliances and the integration of these appliances into the
home network is described in a companion paper [7].

121 MULTIMEDIA HOME NETWORK INFRASTRUCTURE
The core architecture of a home network is illustrated in

Fig 2 below. Network devices may be connected over a
range of TCP/IP compliant physical media. Other non-
TCP/IP devices may be connected through proprietary
network bridges. Most devices will implement an additional
application-layer protocol to provide specialized device-
oriented home networking services such as Discovery,
Description and Eventing.

Fig 2: Architecture of the Home Network Infrastructure

Ultimately our goal is to provide a UHSI engine with can
access devices using all the major home networking
technologies - UPnP, OSGi, HAVi and JINI. In the initial
stage, however, our research will focus on a UPnP interface
for the UHSI. UPnP enables data communication between
any two devices under the command of any control device
on a network. It supports zero-configuration networking and
automatic discovery whereby a device can dynamically join
a network, obtain an IP address, announce its name, convey
its capabilities upon request, and learn about the presence
and capabilities of other devices. Furthermore, a device can
leave a network smoothly and automatically without leaving
any unwanted state behind.

Clearly UPnP provides much of the initial core
infrastructure required by our UHSI engine. In particular it
allows network control devices to establish links with and
control other devices on the network. This is extremely
useful in the context of our UHSI approach because it
allows us to implement a single server-based control device
which can gather and collate information about network
devices. As this data is provided in XML format it is quite
easy to rearrange and manipulate it for the purposes of our
UHSI application layer.

131 PROTOTYPE NETWORK APPLIANCES
Although there have been some recent examples of

networked consumer electronic (CE) devices, particularly in
emerging market segments such as Personal Video

Recorders (PVRs) there is still a shortage of non-proprietary
digital A/V appliances. Fortunately it is quite easy to
prototype network appliances using commercial off-the-
shelf components (COTS). In particular we note that several
Taiwanese PC manufacturers have now focussed on this
emerging market segment- e.g. - and
it is possible to build, as an example, a prototype MPEG
streaming appliance and PVR for under USD 500. As part
of this project we have constructed and commissioned
several prototype multimedia ANV appliances [7]. One
project goal, tangential to the main research, is to learn and
experiment with these prototype appliances to determine if
any new and compelling A/V services which harness the
capabilities of these next-generation appliances will suggest
themselves.

141 UNIFIED HOME SERVICES INFRASTRUCTURE (UHSI)
The software architecture of the UHSI is illustrated in Fig

3 below. Note that the UHSI engine could run on any
appliance connected to the home network. In our proposed
implementation it will run on a Home Gateway appliance
which also allows the UHSI to directly access and act as a
broker for services on external broadband networks.

We see that a variety of devices on the home multimedia
network are accessed by the Home Gateway via UPnP. The
UHSI engine contains a "UPNP device broker" module
which monitors and analyses the UPnP related network
exchanges and compiles a database record of the UPnP
devices available on the network. This local knowledgebase
provides a reference to the available network devices and
the services they can offer.

Now in most cases an end-user does not want, or have the
time to learn to use advanced features of a new home
appliance. In fact the simpler the operation of an appliance
the happier most consumers are. Thus most consumers find
the idea of combining network appliances to enhance their
functionality to be inherently confusing. In order to
overcome this barrier and simplify the usage of devices on a
home network we introduce the concept of a MetaDevice.
This is nothing more than a pre-configured combination of
devices which performs a single functionality.

UHSI MetaDevice Single
Translation Layer MetaDevice

I I

I MetaDevice UHSI
I I

- -- - --- Pe Devic

., IUn

UPnP 1 : UPnP User
_ 4 > Interfaces

Fig 3: Conceptual Overview of a UPnP MetaDevice.

From our perspective the MetaDevice allows a single,
combined UI to control several distinct appliances. This
concept is described in more detail in the technical
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description in section S below.The UHSI engine must also
connect with the user of the home network. There are a
number of key goals for this interface, but the most
important criteria is that a common, simple, and practical
interface should be available using a variety of different
access methods. The main user interface is Web based, but
translates to other formats such as Bluetooth, for mobile
phone access, VoicelP for vocal activation, and to IR for
access from a programmable remote control.

151 THE METADEVICE CONCEPT
As explained above a MetaDevice is is nothing more than

a pre-configured combination of CE devices which presents
a single control interface to the user. The combined
functionalities of each contributing appliance are seamlessly
integrated by the metadevice aggregator so that they appear
as a single functional appliance to the consumer. This
concept is illustrated in Fig 4.

Let us consider as an example a typical Home Cinema set-
up. A standard TV links through an A/V amplifier to a
range of A/V equipment such as a cable-TV box, a DVD
player and a VCR. In practical usage one of these sources is
selected for the ANV input to the amplifier and the TV is
selected to receive the output from the amplifier. If the
amplifier supports more than a single set of speakers then
the appropriate set of speaker for the room with the TV will
be selected. Using today's CE equipment it is necessary to
perform these selections on the A/V amplifier and it will
still be necessary to control the volume, channel selection,
etc, using separate remote controls.

If we now replace today's A/V equipment with networked
appliances we can see that we will still need to select several
A/V appliances in order to achieve the end goal of
activating and viewing a TV channel. This configuration
process is somewhat easier in that it should be possible to
access a Web user-interface for each appliance over the
home network infrastructure. However it will still be
necessary to reconfigure each appliance when switching
from viewing the TV to playing a DVD or a video cassette.

Now consider that the configuration of each appliance and
the various control codes is memorized and stored in a
device map as a pre-configured virtual device with its own
customized UI. To watch TV it is now only necessary to
activate the UI for this MetaDevice instead of accessing 3
or more separate appliances.

161 SERVER-SIDE IMPLEMENTATION OF METADEVICES
This is described in Fig 4 below. Standard UPnP activity

on the home network is unaffected. However a new UPnP
control point is implemented by the Device Broker software.
This behaves like a global UPnP control point which
continually updates information about available network
devices into a server-side database. Between the UHSI layer
and the UPnP device broker is a second application known
as the MetaDevice Agregator. This application is
responsible for storing MetaDevice data in a second
database - the MetaDevice Map. All of this data is stored
and managed in XML format.

The MetaDevice Agregator is responsible for mapping
UHSI commands from a configured MetaDevice onto one,
or more, actions from an appropriate UPnP service. A set of
UHSI commands for a standard PlayDev is shown in table

1. It should also, in a practical implementation, provide a
user-friendly mechanism to configure and manage network
Metadevices.

Wireless Home Network

UPnP
.:o

Fig 4: Server-side Implementation of MetaDevice.

A typical example of a basic set of services for a very
simple UPnP compatible DVD Player product is shown
in table 2. This DVD Player must implement all the
required embedded devices and services specified herein.
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Table 1: Icons and the corresponding command names for a
generic MetaDevice
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Table 2. Required servicesfor a UPnP compatible DVD player
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Table 3: Mapping of the PlayDVD service UPnP actions

to the methods ofa MetaDevice in play mode.

Finally, table 3 shows how the PlayDVD service defines
actions to play a disc, select a chapter to play, and get
information about the currently loaded DVD and selected
chapter. The mapping between UHSI commands and the
PlayDVD actions is given in this table. Note that some
UPnP actions are not mapped to UHSI commands in
PlayMode, but can map to alternative UHSI commands in
MenuMode.

[71 INTERFACE COMPONENTS FOR METADEVICES
In order to activate a particular UHSI command sequence

the end-user needs to have access to a UHSI interface.
There are a number of different interface modes that were
implemented in order to demonstrate the potential flexibility
of having a single, centralized point of control for all
devices on the home network. From Fig 4 we see that most
UHSI interfaces are available in Web form, through VNC as
an application running on the server and, thirdly, via a
voice-activated interface. A variey of additional scenarios
suggest themselves, which may be integrated into the
system in the future.

sophisticated web interface might offer additional control
features and information on a DVD movie or a music track
on a CD as the disc is playing.
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Fig 5: Web Interface for the PlayDevO I MetaDevice

This is currently only implemented in a simple remote-
control format. The user is presented with a simple push-
button interface as illustrated in Fig 5. A debug terminal can
be seen to the right of the actual user interface. This form of
interface was chosen as it is very familiar to most users of
ANV equipment. Note that there could be a number of
alternative implementations of the Web interface for a
single Virtual Device Cluster (VDC). Thus, a more
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